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(CNFIDENTIAl 

_ iUMMAtY  AND 

MCOMMCjNOATIONS 

(U|  MIIITAIY  nOtllM 

Th*  ptlmory  (unction  jI  ih*  IMnch  tonk-r»unt*d  •♦otchhqhl  is  lo  poviic  illurinj- 
tion  (or  oinwd  main  oiin  (irt.  How  can  tht  liqhl  octinlly  ba  trploytd  in  thu  woy  withfv 
100  9f«t  a  risk  ihot  Iht  coalor  tonk  will  b*  dosttoyod  by  tnttsy  oimo  ?  To  aaswtt  this 
quMlion  toqulTM  on  Mlimott  o(  iht  mas'mtim  •((rctivtntss  o(  onamy  mam  qun  (utojoinst 
a  cotTlof  tonk.  Th#  study  ■ummorUtd  hart  wos  conductod  to  pioyid«  this  tstimat*.  bos«d 
on  tiw  |wr(ormonc«  o(  th«  (ir«  control  systtm  o(  th«  M48A2  tonk. 

(U)  lISUtCH  PtOtllM 

Tht  study  wot  on  otttmiit  to  ontwtr  (Iv*  sptcKic  qutttions: 

(1)  What  an  tht  (int-found  and  tciaUound  hit  probobtiilits  (or  tht  |iiU6A2  (uc 
control  systtm  whtn  (Irt  is  oiintd  at  on  Ift-lnch  tonk-mounltd  storchllght? 

(2)  Whot  on  tht  probabllltlts  that  tht  carritr  tonk  will  b*  hit  within  ctrlain 
timt  intervals  olttt  Its  storchllqht  Is  turntd  on? 

(3)  In  this  (liing  situation.  Is  stnslnq  occurott  tnouqh  to  mokt  odjustmtnt  o( 

(irt  posslblt? 

(4)  Which  ott  mon  occurott,  stnslngs  madt  by  tht  tank  commondtr  or  those 
modt  by  obsttvtrs  stationtd  to  tht  (tank  c(  tht  (Irlng  tank? 

(5)  What  training  probltms  art  rtlattd  to  (irlng  ogomst  storchlights? 

(U)  RISiAICH  METHOD 

Ttr|#i.  Sine#  tht  cott  ol  (Irlng  dirtetiy  ot  18-lnch  storchlights  would  bt  prchlbltlvt, 
a  torgtt  sUt  wos  dtslgntd  which  modt  It  posslblt  to  (Irt  at  c  mirror  imogt  o(  tht  starch- 
light  which  wos  not,  (or  (Irlng  putpotts,  dlsllngulshoblt  (tom  on  octuol  light.  Tht  ust  ol 
lotgt  torgtt  pontls  and  color-codtd  rounds  modt  possibit  tht  coHtctlon  ol  dUptrsIcndoto. 

EfulfMfitt.  Eight  1448A2  tonks  with  ntw  M41A1  gun  tubes,  cisJ  mur  19-lnch  storch- 
lights  with  7.5Cli>watt  bulbs,  wtrt  used. 

Suhitett.  Tht  (irltw  wos  done  by  tight  tunk  commondtrs,  two  clotsllltd  hy  thtlr 
commanding  oKictrs  os  ovttogt,  and  six  os  txftrt.  Eoch  tonk  commander  wot  ossigntd 
to  one  tank,  which  ht  (Irtid  throu^^out  the  study.  Tht  prollcitncy  Uvtl  ol  the  tight  loodtrs 
was  approximately  that  ol  the  ovtrogt  Advonetd  Inlantry  Troining  (AIT)  groduatt.  Eight 
crtwmtn  served  ns  sensing  observers,  stationed  to  the  (lank  o(  the  (Irlng  tanks. 

Dr«|s  t/lA«  Eaftrimtml.  Tht  over-oil  design  may  bt  summarlitd  os  (ollowt; 
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Each  lonk  commandkf  (toch  Joak)  fu#d  on*  ihci  gjoyp  Jier.  wfh  &l  ih?  **>^8  &>.“» 
uen»  ood  two  «hol  gtoupc  froa  wch  el  th*  two  I.SOO-yord  pciiH2«s.  Tt.«  txvk  wn 
•laltomry;  tht  »«archU9hl  wo*  rototod  10*  *o  that  Ih*  tonk  wo*  out  c!  th#  bwm  Irf  h^U 
ih«  «hot  9roup«.  Fof  toch  »hot  group,  Ittlng  wo*  stopped  wh*o  the  p«*»mum  nujfiwf  *51 
{oufld*  hod  been  lued,  or  aoooef  if  the  tvget  mUtot  wo*  de«troyed.  The  tank  cooynonder 
and  two  obietver*  mode  oenalngt  for  eoch  round  fUed. 

frecedart.  An  attempt  %*o*  mode  to  opproxlmote  U*#f  Service  Te*t  condmen*,  os 
outlined  In  Report  R*130OA.  Fremklord  Areenol.  Since  night  filing  condition*  ore  not 
desaibed  In  that  report  In  *011101*01  detail  to  permit  operotlonol  duplication,  orbltiory 
interpretotlon*  were  mode  In  eetobllshlng  the  firing  procedure*  to  be  followed  In  thl*  study. 

Firing  poaltlon*  were  eelected  which  were  os  level  o*  possible  ond  from  which 
the  ongle  of  sit*  was  os  neor  to  **ro  os  possible.  All  rounds  were  APT*T33E7  omflanl- 
tion  oi»i  were  fired  from  the  lonk  comasroder**  stotlon.  During  the  afternoon  of  eoch  firing 
nigtit,  tanks  were  teroed  for  eoch  shot  group. 

For  oil  the  *het  group*  fUed  from  800  yards,  the  correct  rong*  wo*  Indexed  In 
the  fire  conltcl  system.  For  the  fust  hoU  of  the  thot  group*  fired  from  I, SCO  yard*,  the 
tank  commander  wo*  legulred  to  rong*  on  the  target;  lor  the  second 
were  Indexed,  representotlv*  of  the  ranging  ertor*  which  con  be  expected  under  these 

firing  condition*. 

AtnfflwUllon  from  the  some  lot  wo*  used  throu^iout  the  test,  except  on  the 
last  night.  Firing  wo*  conducted  only  under  certoln  tipecllled  weother  conditions. 


(C)  MAJOi  PINOtNOS 

Firs l-Aeasd  HU  Ffekekffirfri.  Data  were  obtolned  for  three  tceget  oreos:  the  minor 
(18  inches  sqwc  o*  a  target);  n  section  of  the  target  ponel  71/2  '**t  square,  with  the 
muror  a*  It*  center;  ond  a  lower  centtol  secttoo  of  tlic  lorget  ponel  re^entlnq  the  cor- 
ritr  tonk.  The  llrsHounJ  htt  probobllittes  (both  heom  p».rltlon*  combined)  were: 


800  7*rd* 
1,500  ysrds 


.06 


Tttmt  T  t/l  TfM  SeMW  CwtUr  Tm* 


1.00 

.41 


.88 

.2S 


ffk  rr0MllltY  *1  e  F**rlf*»  */  Ttmt.  At  800  yards,  hit  probability  for  one  lank 
which  opened  fir*  on  a  corler  tank  as  soon  os  the  searchlight  wo*  turned  en  wo*  .50  In 
25  •ecoc*f*-4hot  U,  in  opproxlmotely  the  lime  It  took,  on  the  overoge,  to  fir*  the  firit 
round.  For  two  tor**  firing,  the  hit  probability  wo*  .75-  within  25  second*. 

At  1,500  yards,  hit  prcdabllltle*  were  .39  for  two  tonk*  ond  .53  for  three  tank* 
in  40  lecond*,  the  average  time  requited  to  fir*  the  first  round  at  that  rong*. 

Efficu  */  frecrfr*.  Hit  probability  for  the  first  half  of  the  shot  groups  lUed  from 
1  500  voids  was  .48:  lor  the  second  half  of  the  l,500-y.»d  firing.  It  wos  .76.  The  average 
Unrequited  to  get  a  hit  was  reduced,  for  the  second  half  of  lest  firing,  by  28  per  cent 
at  800  yard*  and  by  20  per  cent  at  1.500  yard*.  There  Is  no  evidence  that  sensing 

Improved  with  proctlc*. 
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_ _ _ SUMMARY  AND 

RiCOMMiNDATIONS 

At  all  the  pcsitians  fjotr,  wht?h  stn^trvjs  jJ«*.  r«J5  *' 
onct  v««j*  much  b«uw  than  would  b«  expected  by  chance.  The  texulin  ihi* ! ,{ 
tounds  (ued  hom  beam  centet,  senamgs  m'h  ncir.  a  poaiiion  the  llanlc  <1  ihe  lismj 
lank  wete  mote  occutote,  Fot  rounds  (tted  Item  outside  i!»e  beam,  aenaina'^  ca  fe  t, 
tonk  commander  were  tiyuv  accurate. 

(C)  CONCLUSIONS 

Twj  assumptions  must  be  made  before  the  tesulit  ol  the  study  become  aecepiafele 
os  on  eatimatr.  of  the  effectiveness  of  enemy  tonk  gun  fire  ogainst  the  16<inch  tank* 
tneutsed  sear  hllqht.  It  must  be  ossutned  that  the  performance  of  enemy  medium  gun 
talks  IS  conpotabk  to  that  of  the  M48A2  tonk.  Also  It  mutt  be  assumed  that  a  firing  test 
canted  oiS  under  User  Service  Test  conditions  is  appropriate  for  esiimoilrtg  the  »iak»ia«*n 
capabilities  of  the  enemy  in  eomht. 

(1)  At  both  ronges  (800  ond  I.SOO  yards),  ond  presumably  at  ranges  between 
ll«m,  the  risk  o(  destruction  of  the  carrier  tank  is  contidetoble  li  the  searchlight  remains 
on  long  enough  to  enable  eremy  tanks  to  ftte. 

(2)  X'hen  the  searchlight  is  used  to  provide  illumination  for  delivering  aimed 
mom  gun  fire  agoucst  enemy  armor,  the  light  should  not  be  turned  cn  fot  os  long  a  period 
nn  It  tekes  enemy  tanks  to  get  off  a  fust  toutvd  each.  (Average  times  to  fue  the  first 
round,  in  this  study,  26  seconds  at  800  yards;  39  seconds  ot  I.SOO  yards,  including 
tanging  time.)  For  a  lank  platoon  equipped  with  two  searchlights,  the  oction  suggested 
IS  that  the  lights  be  turned  on  in  succession  to  illuminate  llie  same  target  oreo,  leaving 
each  light  on  lor  a  period  slightly  shorter  than  that  needed  by  enemy  toniu  to  luv;  and 
that  eoch  carrier  tonk  be  moved  as  soon  os  its  light  is  turned  oil.  This  will  illum.in3te 
the  target  lor  a  period  twice  as  irng  as  that  during  which  each  comer  tank  is  o  torgel  lor 
enemy  lire, 

(3)  Firing  ogainst  seaichlights  seecs  to  be  o  unique  gunnery  task  which 
requites  practice  tr  addition  to  that  afforded  by  ccnventional  gunnery  exercises. 

(U)  RICOMMINDATIONS 

(DThol  the  findings  and  conclusions  from  this  study  be  incorporoicd  into  armor 
doctrine  and  literature  pertaining  to  searchlights. 

(2)  That  tank  platoon  trahUng  fa  night  combat  emphasize  training  in  coadtnoted 
action  between  carrier  tanks  and  firing  tonks. 

(3)  That  tonk  commanders  be  given  practice  in  firing  against  seachlights  if  the 
use  of  searchlights  by  enemy  arma  Is  anticipated;  and  that  the  target  loyout  designed 
lor  this  study  be  utilized  In  surdi  firing  practice. 
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THE  EFFECUVINESS  OF  90mm  TANK  GUN  FIIE 
AGAINST  THE  1S-INCH  SEARCHLIGHT  (U) 


(U) 


MOSLEM 


One  reduU  of  the  efforts  »n  recent  yesrs  to  extend  the  night  fighting 
cspebiUtlea  of  Armor  is  the  development  of  the  L8-lnch  tsnk-mour'ed 
searchlight.  This  light  has  been  in  use  since  1952  but  has  not  yet  leen 
widely  issued,  and  methods  for  its  employment  have  been  stated  only  in 
general  terms.  Its  chief  function  is  to  provide  illumination  for  aimed 
main  gun  fire.  Methods  must  therefore  be  developed  to  provide  adequate 
illumination  of  targets  and,  at  the  same  time,  minlmixe  the  probability 
of  destruction  of  the  carrier  tanks  by  fire  from  the  main  armament  of 
enemy  tanks. 

Such  methods  cannot  be  developed  without  an  estimate  of  the  maxi¬ 
mum  effectiveness  of  enemy  main  gun  fire  against  our  carrier  tanks. 
The  primary  objective  of  this  study  was  to  provide  such  a  maximum 
estimate,  basing  it  on  the  effectiveness  of  the  main  gun  of  the  M48A2 
tank  against  the  18-inch  tank-mounted  searchlight.  The  data  from  this 
study  may  also  be  regarded  as  providing  an  estimate  of  the  effectiveness 
of  0^  tanks  against  similar  enemy  searchlights.  A  secondary  objective, 
then,  was  to  obtain  information  which  might  be  used  to  improve  methods 
of  firing  agUnst  searchlights. 

To  accomplish  these  aims,  the  study  was  designed  to  determine: 

(1)  The  first- round  and  total- round  hit  probabilities  for  the 
M48A2  fire  control  system  whenfire  is  aimed  atan  18-inch 
tank-mounted  searchlight. 

(2)  The  probabilities  that  the  carrier  tank  will  be  hit  within 
certain  time  intervals  after  its  searchlight  is  turned  on. 

(3)  Whether,  in  this  firing  situation,  rounds  can  be  sensed  accu¬ 
rately  enough  to  make  adjustment  of  fire  possible. 

(4)  Whether  sensing  is  more  accurate  from  positions  to  the 
flank  of  the  firing  tank  or  from  the  firing  tank  Itself. 

(5)  Training  problems  related  to  firing  at  searchlights. 

RESEARCH  METHOD 

LU)  Approach 

Test  firing  against  a  searchlight  with  the  main  gun  of  a  tank  presents 
a  number  of  problems: 

(1)  When  several  hundred  test  rounds  are  to  be  fired,  the  light 
must  be  protected  from  damage;  otherwise  the  cost  of  the  test  would 
be  prohibitive. 


'Enplojment  of  tkf  IR-lnek  Tank-UounltJ  Srareklifkl  in  HallltfirU  Illumination,  D  \ 
Traininn  Circular  17-2.  (Hefercnce  4.) 


V2)  The  Ibcattan  of  each  round  alor  near  ihe  plane  tif  ihe  !«rg«' 
must  be  recorded  on  a  target  panel  so  that  dispersions  can  be  computed 
At  a  range  of  liSOO  yards^  a  panel  at  least  20  feet  square  is  required. 

u  ■equence  of  the  rounds  In  a  ahot  group  must  be  identi¬ 
fiable  on  the  panel.  (It  Is  not  possible  to  spot  the  rounds  at  nighty  since 
the  target  panel  Is  not  visible.) 

/4\  mi...  •*  *  •.  . 

*ne  ciiccis  oi  me  searchligut  glare  must  be  minimized. 
When  fli"  la  directed  against  a  searchlight  from  positions  near  the  cen¬ 
ter  of  the  beanij  the  gunner  Is  faced  with  an  uncomfortable  glare  In  his 
periscope  sight,  which  may  make  precise  laying  and  sensing  difficult. 

These  four  problems  were  solved  In  the  following  ways. 

(1)  If  only  first-round  hit  probabilities  were  involved,  the  light 
could  be  protected  by  the  simple  device  of  sighting  at  the  light  and  actu¬ 
ally  firing  at  a  panel  target  beyond  It,  using  a  known  elevation  offset. 
When  subsequent  rounds  are  to  be  fired  with  adjustment,  however,  each 
round  must  be  aimed  directly  at  the  light  to  enable  the  tank  commander 
(or  gunner)  to  change  hla  lay  on  the  basis  of  his  sensing  of  the  previous 
round.  Therefore,  a  special  target  site  was  designed  which  protected 
the  light  from  damage,  yet  kept  it  visible  as  a  target.  (See  Figure  1.) 
The  light  waa  burled  in  a  trench  which  was  dug  at  the  top  of  a  berm.  The 
light  faced  In  the  direction  of  fire  and  its  beam  was  reflected  toward  the 
firing  cite  by  two  plate  glass  mirrors. 

(2)  Tv  o  target  panels  were  erected  to  collect  the  rounds  fired 
at  the  image  of  the  light.  One  was  located  behind  the  trench,  the  other 
In  front  of  the  berm.  The  dimensions  and  the  relative  positions  of  the 
target  components  are  shown  in  Figure  1.  The  panels  were  made  of 
cardboard  covered  with  target  cloth,  and  were  supported  by  wooden 
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frames.  The  alignment  of  the  upper  mirrur  tutii  thi  j  .iiii  .s  was  mu-  u  ’I*.**, 
as  secnirom  thefinng  position,  the  target  site  lOMkoU.'iimost  Iik»-  a 
panel  target  20  feet  square  with  an  IS-tnch  square  mirror  at  its  ee  iter. 
(Sec  Figure  2.)  During  the  test  firing  only  the  image  of  the  scarehlight 
was  visible.  Four  such  target  sites  were  constructed  to  make  itposuiltic 
to  fire  four  shot  groups  per  night  without  delay  for  target  repair. 

TUGET  SITE  AS  SEEM  IIOH  mm  HISITION 
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(3)  Identification  of  the  holes  In  the  target  panels  was  made 
possible  by  color-coding  the  ammunition.  The  nose  cone  of  each  rou  id 
in  a  shot  group  was  painted  a  different  color  with  spray  enamel,  which 
left  an  acceptable  trace  on  the  target  cloth.  Thus  all  first  rounds  left 
one  kind  of  trace,  all  second  rounds  left  another,  and  so  on.‘ 

(4)  All  firing  was  done  from  the  tank  commander’s  position; 
the  range  finder  was  used  as  the  firing  sight  and  glare  was  mlnimixed 
by  the  neutral  density  filter  of  that  instrument. 

■Two  color*  >Dttt  «*ed  o*  *010*  rouad*  in  ikf  acqueoce  to  avoid  utiDK  auiubic  coloti. 
The  followion  aequenee  of  eolora  **a*  aaed:  i)  red,  2)  bUe,  3)  yellow,  4)  peea.  5)  orange, 

6)  blacred,  7)  yellow-nreea,  8)  red-sreea,  V)  Hjdit  blue,  10)  copper. 


iU)  Equipment 

Four  18-lnch  «e«rchlights  (Strong  Electric  Corporation  Model 
9800-A),  «ach  equipped  with  a  2,500-wait  bulb  (General  Electric  Model 
2500X30),  were  uicd  aa  target  lighta.  They  were  activated  by  two  auxil¬ 
iary  generator  and  engine  aaaembllea,  each  duplicating  the  auxiliary 
electrical  ayatem  of  the  M48A2  tank. 

Eight  M-i8A2  tanka  equipped  with  new  90mm  gun  tubea  (M'ilAl) 
were  uaed.  Their  fire  control  Inatrumenta  had  been  Inipected  by  the 
Ordnance  Fire  Control  Inatrumenta  Shop,  Fort  Knox,  and  paaaed  aa 
being  In  8atIafactox*y  condition.  (Each  tu^  had  fired  three  Ordnance 
check  rounda.) 

(U)  Subjecta 

The  firing  waa  done  by  eight  tank  commandera  atatloned  at  Fort 
Knox.  Two  were  from  the  Combat  Vehicle  Section,  U.S.  Army  Armor 
Board,  one  from  the  6lh  Armored  Cavalry  Regiment,  one  from  the 
30th  Tank  Battalion,  and  four  from  the  894th  Tank  Battalion.  Six  were 
claaaed  by  their  commanding  officera  aa  ■expert*  gunnera;  the  other 
two  were  claaaed  aa  ‘about  average.”  Each  waa  aaalgned  to  one  tank, 
which  he  fired  throughout  the  teat. 

Eight  loadera  were  uaed.  their  level  of  proficiency  waa  about  that 
of  the  average  AIT  grac'uatf  ("expert”  loadera  could  not  be  obtained). 
Six  remained  with  the  aame  Unk  throughout  the  teat,  but  two  had  to  be 
replaced  for  aume  ahot  groupa. 

Eight  other  tank  crewmen  aer/ed  ai  ar  ^Ing  obaervera  at  poaltiona 
to  the  flank  of  the  firing  tanka. 

(U)  Dealgn 


The  eight  tanka  fired  a  total  of  48  ahot  groupa  from  two  rangea, 
with  the  beam  In  two  poaltiona  at  each  range.  Aa  ahown  m  Table  1,  the 
rangcG  were  800  and  1,500  yarda.*  The  firing  poaltiona  (at  each  range) 
were  (l)  at  the  center  of  the  aearuhllght  beam  and  (2)  out  of  the  beam, 
at  10*  from  beam  center.  Tanka  remained  atatlonary;  In-beam  firing 
poaltiona  were  converted  into  out-of-beam  firing  poaltiona  by  a  10* 
rotation  of  the  aearchlight. 

Eight  ahot  groupa  (maximum,  6  rounda  each)  were  fired  from  each 
800-yard  poaltlon,  and  10  (maximum,  10  rounda  each)  from  each  1,500- 
yard  poaltlon.  Each  tank  commander  fired  one  ahot  group  from  each 
800-yard  poaltlon  and  two  ahot  groupa  from  each  1,500-yard  poaltlon,  a 
total  of  alx  ahot  groupa  for  each  tank.  Table  2  ahowa  the  aaquence  of 
firing  poaltiona  for  each  tank.  One  ahot  group  waa  fired  from  each  of 
four  tanka  on  each  firing  night. 

Each  ahot  group  waa  terminated  when  the  target  mirror  waa 
destroyed  or  when  the  maximum  number  of  rounda  had  been  fired, 


'Actual  rangea  Mere  withiB  10  yat4a  of  the  larKCt  dialBBcea. 
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SCHEOUIX  FOR  SHOT  CROUPS  FIRED  BY  THE  EICHT  TANKS* 


rirlac 

NItbl 

Sbat  Ciaaf,  Raa^a,  i 

FlHaf  pMhtaa^ 

Taab  1 

Taab  II 

Taab  ni 

Ta*b  IV 

1 

1.  8001a 

%  800  Oat 

3.  1,500  la 

4.  1,500  Oat 

3 

9.  1,500  Oat 

10.  1,500  la 

11.  1,500  U 

a  1,500  Oat 

S 

17.  1,500  Oit 

18.  1,500  la 

19.  800  Oat 

20.  800  la 

7 

25.  800  Oat 

26.  800  ia 

27.  1,500  Oat 

28.  1,500  la 

9 

33.  1,500  la 

34.  1,500  Oat 

35.  1.500  0"t 

36.  1.5001a 

n 

41.  1,500  Is 

4^  1.500  Oat 

43.  8001a 

44.  800  Oat 

Taab  V 

Taab  VI 

Taab  VII 

Taab  VIII 

3 

5.  800  la 

6.  800  Oat 

7.  1.5001a 

8.  1,500  Oat 

4 

13.  1,500  Oat 

14.  1,500  U 

15.  1,5001a 

16.  1,500  Oat 

6 

21.  1.500  Oat 

22.  1,500  U 

23.  800  Oat 

24.  8001a 

8 

29.  800  Oat 

30.  8001a 

31.  1,500  Oat 

1.5001a 

10 

37.  1,500  fa 

38.  1.500  Oat 

39.  1,500  Oat 

40.  1,500  U 

12 

45.  1,500  la 

46.  l.SCOOat 

47.  800  U 

48.  800  Oat 

*Tb«  laU«<r<>(  cko^to  bo4  It  0«  «o^«i  abo«  lloofa  )  oaJ  4  w*ra  (lro4  oo  •  aoto-oy  olibl  {(hw  tka 
•Utk  oi|bt))  oUl  17  ''•o  (iro4  U  iW  pt»r«  •(  M;  obot  i^,  o  K).  ll  tb,  k*  H  *MO  (tro4  oa  a  mkt- 
■f  al|k(  (ihor  lb«  Um  oobo4«lo4  tool  Bt|b*)'  Tbtoe  cbr  .g»a  «»o  4m  aoaily  lo  rotoaollTo  4l(flc«llioa, 
o^  4(4  Ml  Uroira  ekoi4|o«  la  ipaaofo  or  laaka. 

^0  BoMirola  U4icalo  noa*  Is  )«r4s.  bb4  *oal*  loltcou  ibo  (lriB«  pooilloB,  UbUo  or  ooul4o 
lbs  soareUlfbl  boas. 


whichever  occurred  flritJ  It  was  poiaibleto  destroy  the  mirror  by  three 
kinds  of  hits:  (l)  a  direct  hit;  (2)  a  hit  on  ths  two-imh  supporting  pipe, 
12  inches  of  which  was  exposed  between  the  berm  and  the  mirror;  and 
(3)  a  ricochet  hit  (a  hit  by  a  round  which  graxed  the  top  of  the  berm  and 
bounced  into  the  mirror). 

Each  round  was  sensed  by  the  tank  commander  and  by  two  observers 
stationed  to  the  flank  of  the  firing  tank.  The  eight  observers  were 
rotated  systematically  through  these  two  obsr.rver  positions.  For  shot 
groups  fired  from  800  yards,  the  observer  positions  were  25  and 

'Obb  l,S00-yar4  o«|.of.b«am  allot  tarnlBBlBil  afttr  ai|dit  roands  Ixcatae  of  dama^ir 

to  tliB  towir  mirror  caaiad  bv  dibHi  from  a  otar  ailsa. 


(ONFIOENTiAl 

50  yards  to  the  riRhl  «f  the  firing  |iMSl!i«tn.  Kur  <!tli*n  gr-  .!  ■>  <’»’(•  *1  ■'  *' 
1,500  yards, they  were  50  and  100  yards  tM  the  left  uf  tht  nr*r»g  i-  *«>'- 


PKOCCDUKE 


Teat  Condltlona 

(C)  In  (cnesral,  the  study  waa  intended  to  approximate  User  Service 
Teat  conditions,  as  outlined  in  Frankford  Arsenal  Report  R-1380A, 
which  attempts  to  opecify  standard  conditions  for  various  types  of  eval¬ 
uations  of  accuracy  in  tank  gunnery.*  Because  the  report  docs  not 
describe  firing  conditions  in  sufficient  detail  for  operational  use,  partic¬ 
ularly  with  reference  to  night  firing,  arbitrary  interpretations  were 
necessary  In  formulating  the  procedures  to  be  used  in  this  study. 

(U)  Three  days  before  the  scheduled  test  firing  began,  all  personnel 
went  through  a  practice  run,  which  included  zeroing.  The  entire  test 
procedure  was  followed,  except  that  each  tank  fired  one  shot  group  of 
five  rounds  from  1,000  yards. 

(U)  For  each  shot  group  the  fire  control  system  was  zeroed  about  two 
hours  before  sundown.  The  zeroing  procedure  in  Field  Manuals  P-IZ 
and  17-79*  waa  follc“ved,  except  that  all  firing  was  done  from  the  tank 
commander's  position.  The  zeroing  range  was  1,430  yards.  Each  tank 
was  moved  a  few  hundred  yards  from  the  zeroing  position  to  the  firing 
position,  which  had  been  selected  to  be  as  level  as  possible,  and  to  have 

a  minimum  angle  of  site.*  j  .  . 

(U)  APT-T33E7  ammunition  from  the  same  lot  was  used  for  all  zeroing 
and  test  firing  except  on  the  last  night  of  testing.  An  Army-wide  recall 
of  all  90mm  AP  ammunition  occurred  before  the  final  test  night;  ammu¬ 
nition  from  another  I*  t  was  subsequently  used  for  the  night  on  which 
shot  groups  30,  32,  35,  and  38  were  fired. 

(U)  Test  firing  began  about  two  hours  after  sundown.  Just  before  being 
moved  to  its  firing  position,  each  tank  waa  supplied  with  the  maximum 
number  of  ammunition  rounds  (five  rounds  for  800  yards,  10  rounds  for 
1,500  yards).  The  color-coded  rounds  were  placed  in  the  ready  rack  In 
the  predetermined  orde.“  In  which  they  were  to  be  fired.  Shot  groups 
were  fired  one  at  a  time  In  the  order  shown  In  Table  2.  Only  one  tank 
was  stationed  at  a  firing  site  at  any  time.  All  test  firing  waa  done  from 
the  tank  commander's  position. 

(U)  The  tank  commanders  and  loaders  were  instructed  to  try  to  obtain 
a  hit  on  th»*  light  as  fast  as  tney  could.  In  order  to  motivate  them  to 


'Rtfercaet  1.  TWi  docsminl  rcflccU  tkt  oIReltl  poiltloa  of  tke  Office  of  the  Qlcf  of 
Ordaaact.  Il  i«  napteltJ  ikat,  aflff  mUof  rtvliloi,  ll  will  rffieel  ihe  official  COS’ARC  poaitioa. 

'Refcftacta  2  aad  3> 

'From  tV,  xtrolas  poailioa  to  ike  BOO-yaed  poallloa  ike  dialanre  waa  about  1,200  vafda;  to 
the  I.SOO-yard  poalllofl,  about  500  yaeda.  Nellker  a  perfecllv  level  firiop  poaiilon  not  *eto  an^le 
of  aile  ia  required  aader  Uatr  Service  Teal  condilloaa.  Actual  anitle  of  allc  *•••  20  mila  from  the 
b00*yard  poailion  aad  12  mlla  frou*  ike  l.SOO-vard  poailion. 
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operate  at  maximum  speed  cunaistcrit  with  guud  iavingi  awards  werr 
made  fop  hits,  the  value  of  each  award  depcndine  wn  the  time  u  im  K  • 
obtain  the  hit. 

(U)  Firing  Procedure 

The  following  firing  procedure  was  adhered  to; 

(1)  At  the  firing  alte,  the  tank  to  be  fired  waa  pointed  in  the 
general  direction  of  the  target. 

(2)  For  all  shot  groups  fired  from  800  yards,  and  for  the  first 
half  of  those  fired  from  1,500  yards,  tlie  tank  commander  indexed  battle- 
sight  range  (too  yards).  For  the  second  half  of  the  1,500-yard  shot  groups, 
a  range  unknown  to  the  tank  commander  was  indexed.  The  distribution 
of  these  ranges  was  based  on  data  obtainedin  an  earlier  study  of  ranging 
agidnst  the  tank-mounted  searchlight.'  The  distribution  was  normal, 
with  a  mean  of  1,500  yards  and  a  standard  deviation  of  191  yards.* 

(3)  For  all  shot,  groups  fired  from  1,500  yards,  the  range  finder 
range  scale  and  the  computer  range  dial  were  covered  with  tape. 

(4)  The  target  searchlight  waa  turned  on,  the  tank  commander 
switched  the  range  finder  filter  lever  to  the  ON  position,  laid  the  gun 
on  the  light,  and  then  deflected  the  gun  540  mils  to  the  left.  The  light 
was  then  turned  off. 

(5)  The  *ankcommander  took  position  in  his  cupola.  The  loader 
was  ready  to  pick  up  the  first  round. 

(6)  The  target  light  was  turned  on  again,  now  as  a  signal  to 
commence  fire,  and  the  tank  commander  made  a  gross  lay  with  his 
periscope  sight.  The  loader  loaded  the  first  round  on  command  from 
the  tank  commander,  then  continued  loading  until  all  rounds  were  fired 
or  until  he  heard  a  sensing  of  ‘‘target”  from  the  tank  commander. 

(7)  For  all  shot  groups  fired  from  800  yards  and  for  the  second 
half  of  those  fired  from  i,500  yards,  the  tank  commattder  followed  his 
gross  lay  with  a  precise  lay  with  the  gun-laying  reticle  of  the  range 
finder,  and  then  fired.*  For  the  first  half  of  the  shot  groups  fired  from 
1,500  yards,  the  tank  commander  first  ranged  on  the  target  light  before 
making  his  precise  lay. 

(8)  The  tank  commander  announced  his  sensing  of  each  round, 
then  adjusted  his  sight  picture  for  tho  next  round  by  the  burst-on-target 
method.  If  he  sensed  the  round  as  ”lost,*he  used  the  same  sight  picture 
in  firing  the  next  round. 

For  all  shot  groups  fired  from  800  yards,  as  previously  stated,  the 
correct  range  was  indexed  in  the  fire  control  system.  The  procedure 
used  for  the  1,600-yard  firing  was  the  result  of  the  following  circum¬ 
stances:  For  the  first  half  of  the  shot  groups  fired  from  1,600  yards, 
the  tank  commander  was  required  to  range  on  the  target.  It  waa 


'Rtftftic*  7. 

*S««  App«aJix  A  fof  tV«  l•divU••l  rug*  valat*  «tiJ. 

Tkt  tMk  eoMMa4«ra  w«r«  p*i«ilUc4  to  •4]«al  (kt  UtgliUfaa  of  tkt  raagiig  rtilclt  la  orJtr 
lo  aitka  tka  gaa-lajriag  ratlcla  aiora  4latlact.  Meat  of  tktn  pratttTa4  Milaaai  brigktaaaa  of  tka 
raagfag  ratlcla  for  tkla  parpoaa .  Tkajr  atara  aot  panalUa4  to  aaa  tka  aaalllanr  raticia  for  layiag 
tka  gaa. 
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orlfinmlly  planned  to  follow  the  Matne  firing  procedure  for  ailahut  groups 
fired  from  1|500  yards— with  the  range  finder  range  scale  and  the  tonri- 
puier  range  dial  covered— In  effect,  forcing  the  tank  commander  to  range 
on  the  target  even  though  he  might  know  the  approximate  or  even  the 
exact  range.  However,  once  a  tank  commander  knows  the  range  and 
the  approximate  range  finder  knob  position  for  that  range,  it  la  difficult 
for  him  to  make  an  honest  ranging,  even  If  ho  wants  to. 

After  close  observation  of  thete4tk  commanders  during  the  first  few 
shot  groups  fired  from  1,800  yards.  It  wes  suspected  that  some  of  them 
went  through  the  motions  of  ranging  but  were  actually  attempting  to  turn 
the  range  knob  to  the  1,800-yard  position.  When  they  themselves  con¬ 
firmed  this  suspicion,  It  was  decided  to  change  the  ranging  procedure 
for  the  second  half  of  tki  1, 800-yard  shot  groups.  Consequently,  for 
these  shot  groups,  selected  ranges  not  known  to  the  tank  commanders 
were  indexed.  These  ranges  were  representative  of  those  which  can  be 
expected  under  the  firing  conditions  of  this  study. 

(U)  Weather  Limitations 

Zeroing  and  test  firing  were  limited  to  the  following 
weather  conditions: 

(1)  No  precipitation. 

(2)  Temperature  30  degrees  Fahrenheit  or  above,  and  no  drop 
of  more  than  20  degrees  between  zeroing  and  test  firing. 

(3)  No  fog. 

(4)  Wind  velocities  no  greater  than  10,  IS,  and  20  knots,  respec¬ 
tively,  at  angles  of  61-90,  31-60,  and  0-30  degrees  to  the  line  of  fire. 

These  weather  limitations  are  stricter  than  those  outlined  for  User 
Service  Test  conditions  in  Prankford  Arsenal  Report  R-1380A.  Firing 
was  conducted  only  under  these  conditions,  although  zeroing  for  one  shot 
group  was  done  during  a  light  snow. 

Because  of  dust  at  the  target  site  (due  to  low  rounds),  and  because 
of  obscuration,  the  visibility  of  the  target  dropped  considerably  during 
some  shot  groups.  However,  because  of  the  nature  of  the  target,  low 
target  visibility  was  never  a  problem  to  the  tank  commander.  In  fact, 
for  shot  groups  fired  from  the  center  of  the  beam,  periods  of  lower  visi¬ 
bility  undoubtedly  made  gun  laying  easier. 

RfSUlTS 


(II)  Data  Analysis 

A  total  of  268  test  rounds  were  fired,  57  from  800  yards  and  211 
from  1,800  yards.  All  rounds  fired  from  800  yards  and  all  but  16  of 


'Other  Mtya  of  forclsg  di«  Uak  co«M»a«der  to  roofte  w«r«  fotad  to  bo  tlthtr  «ot  ftoaible  or 
not  adequate.  It  was  tot  poaatble  to  plaeo  tarseta  at  uakaowa  diataacaa  braeletlag  800  aad  l.SOO 
yarda,  for  the  tarjiat  laatallatloa  waa  pai«aseat  aad  tbt  fotr  target  aitaa  Mere  located  at  the  only 
berm  on  the  raast.  Hovlas  taaha  to  aaolher  flriag  alta  for  tack  ahot  (poap  **■*  >*>l  coaaldeied  aa 
adequate  procedart,  alaca  aouia  of  the  taak  coauaaadtra  wart  fantUiar  with  the  dlmeatloaal  charac- 
terialica  of  the  raape  faellitiea. 
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those  f*red  from  1,500  yards  passed  through  the  area  .  Mver*  5  i  f  > 
target  panels  (SO  feet  square). 

The  coordinates  for  every  round  were  measured  from  phuiugraphs 
of  the  panels,  or  from  the  target  cloths  directly.*  For  each  uf  the  16 
rounds  which  passed  outside  the  panels,  coordinates  were  established  as 
follows;  The  sensings  for  the  round  were  checked,  and  the  sensing  made 
at  the  position  which  had  yielded  the  best  average  sensing  score  for  that 
firing  ^sition  was  accepted  as  valid.*  If  the  round  was  sensed  as 
right,  for  example,  it  was  arbitrarily  scored  as  being  11  feet  to  the 
right  of  target  center.  Then  the  vertical  position  of  the  round  was  arbi¬ 
trarily  assigned  the  median  value  of  the  vertical  positions  of  the  other 
rounds  in  the  same  shot  group.  Similarly,  a  round  sensed  as  “over"  was 
scored  as  ll  feet  above  the  target  center  and  was  given  the  median  hori¬ 
zontal  position  of  the  other  rounds  in  the  shot  group. 

Each  round  was  scored  as  a  hit  or  a  miss  on  three  target  areas: 

(l)  The  target  mirror  (l8  inches  square  as  a  target),  (l)  an  area  7  1/2 
feet  square  with  the  mirror  as  its  center,  and  (3)  the  silhouette  of  an 
M48A2  tank  a'‘,ving  as  carrier  tank  for  the  searchlight  reflected  in  the 
target  mirror.* 

Iiunvt  rOSITKW  of  TMItl  TAKIT  AHAS 
usn  FOI  SCMMW 


r  I" 


'Piioloirapli*  of  tari^l  paicia  coali  aot  ba  aato  tor  all  abat  sroipa,  baeaiaac  of  eqaip- 
meat  fallirt, 

'Noac  of  iba  16  roaada  wta  aataad  aa  *loal/ 

'Excapt  aa  aotad  latar,  ikrtt  biu  Viik  o*  di*  portioa  of  ikt  targat  wara  aol  acerad  aa 
kita  oa  tka  carrtar  taak  (arKal. 
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CONMDIHTIAl 

Anaiyais  of  the  firat-round  vertical  dlapcraion  data  showed  that  u^e 
change  In  firing  procedure  for  the  second  half  of  the  nhot  groups  fire  i 
from  1,500  yards  did  not  increase  vertical  dispersion  of  first  rounds 
In  other  words,  requiring  the  tankcommandcr  to  fire  the  first  round  with 
typical  range  error  indexed  did  not  Increase  vertical  dispersion  over 
what  it  had  been  for  shot  groups  which  included  some  *pseudo>rangings  ** 
For  this  reason,  the  data  for  all  shot  groups  fired  from  1,600  yards  have 
been  combined. 

Total  Hit  Probabilities 

(U)  Table  3  shows,  for  all  rounds  fired,  ths  number  of  hits  and  the  pro¬ 
portion  of  rounds  resulting  in  hits  (the  empirical  hit  probability,  l.e.,  the 
ratio  of  the  number  of  hits  to  the  number  of  rounds  fired).  As  stated 
previously,  a  shot  group  was  terminated  when  the  target  mirror  was 
destroyed.  Therefore  tank  commanders  who  obtained  hits  on  the  mirror 
on  earlier  rounds  fired  fewer  rounds  In  those  ahol  groups.  It  may  be 
assumed  that,  on  th*  average,  they  would  have  fired  subsequent  rounds 
as  accurately  as  tank  commanders  who  obtained  mirror  hits  on  later 
rounds.  (See  Appendix  B  for  total-round  dispersion  values.) 


)  to 

NUMHEK  OK  HITS  AND  IMPIRICAL  TOTAUHOUND  HIT  PROBABllJmES* 


F(<Sfc« 

Xaabar 
al  Naoa4a 

Pira4 

Twiat  Araa 

Ukraa 

Paaal?  1/2  FaatS^aara 

C»tia 

aTaab 

1  1 

Nil  Prab. 

NKa 

Nit  Prab. 

NUa 

Nit  nab. 

Al  DOO  Yaria 

la  D«*«  Cttlcr 

33 

1 

.03 

25 

.78 

21 

*66 

Oal  o(  Baam 

35 

5 

.30 

35 

1.00 

22 

.88 

Total 

57 

6 

50 

43 

M«a>  Hit 

Probabllitjr 

.13 

.39 

•77 

At  1.500  Yiftia 

la  Daaai  Caatar 

107 

5 

.05 

67 

a63 

57 

•S3 

Oat  o(  Baa* 

104 

B 

.08 

62 

.60 

35 

Tout 

211 

13 

129 

92 

Maaa  Hit 

Probability 

.06 

•d 

Total  foa  AH  FIrlag  358 

19 

179 

135 

Ovar-All  Maaa 

ProUblllty 

.09 

•TS 

•60 

‘a»»U  •(  U*  •!  kit*  lk«  ot  letM^a  IM. 


First-Round  Hit  Probabilities 

First-found  hit  probabllities~both  empirical  and  constructive-are 
shown  In  Table  4.  A  "constructive  probability"  Is  obtained  by  estimating, 
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^At^1nlCAI  AM)  COSSTHICTIVI  *  HHVT  Hm'.n  HIT  I'HHIIVKI!  I’ll 


Ai»« 


NamWt - 

af  Firat  Kiffat 

Naaada  ir 

Hu  Ptab  1 

{|».mI  7  1  i  Ft*l  Maa**'] 

(.wt.fl 

sf‘ 

1  1 

HilPrtV  1 

H 

12 

12 

10 

0 

75 

If 

14 

14 

95 

09 

68 

19 

8 

0 

0 

t  U 

0 

10 

0 

03 

.0? 

99 

04 

99 

0< 

06 

1.0 

.88 

.03 

.97 

.84 

16 

0 

0 

-M 

.12 

.25 

11 

02 

.04 

31 

12 

38 

13 

16 

0 

0 

.44 

.13 

.25 

T) 

02 

.04 

.34 

.13 

.13 

0 

.4) 

■  w 

.02 

.32 

.36 

At  800  YmJ« 

U  lk«w  CtRur 

Ceaatrucltvc 
Ciai «( lIcMi 
FAtpirical 
Coaatnictkr 

Mean  lUl 
PialatiHliy 
Eai|i(rical 
CeaatntctWt 

At  I, MO  YarJa 
la  Hearn  Ceater 
Hwptrical 
CoaalnicHvr 
Oat  of  Utaa 
tliapirScal 
CaaaUvcUvc 

V-na  HU 
Pfnl>«btlU«‘ 
F^plrlcal 
Caaatniclitre 

Tolal  Ufat  RoaaJa 

Oyer>AU  Mena 
ProbabiUtv 
Kmpirieal 
Conainiclive 


,,  k,„  „  fcc  ••  wkU-  «»'»  »' 

^S«iaJar4  F/tor. 

from  the  sample  values,  the  population  values  for  center  of  Impact  and 
for  dispersion,  and  then  calculating  from  these  estlmatea  the  Propo^t 
of  h-Us  to  be  expected.*  For  the  carrier  tank  target,  constructive  hit 
probabilities  were  calculated  by  simplifying  the  tank  outline  to  two  te 
[angular  target  areas  [ll'ir  x  5‘6“  and  7'G-  x  3*3-)  representing, 

respectively,  the  chassis  and  the  turret.  .  ,  . 

Although  empirical  probabilities  give  an  accurate  picture  of  the 
results  In  terms  of  number  of  hits,  constructive  probabilities,  by  taking 
d>3pcr8lon  Into  account,  provide  a  better  estimate  of  the  number  of 

'Thl«  calcjUtioa  ...ume.  lUi  lh«  horuonul  and  vefllral  di.tnbulipn.  of  ihf  population  of 
rounda  (in  iKia  taae.  firal  foundal  art  normal  dialribuliona. 
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hits  which  cau  be  expected  in  future  ftrlnge  under  eimtt^r  cur.diiicr.ii 
Ccnaldcring  the  small  size  of  the  snmples  used  in  this  studyi  the  r><r- 
respondence  between  empirtcsl  and  constructive  probabilities  is 
surprisingly  high. 

(U)  Table  5  shows  constructive  first-round  hit  probabilities  computed 
without  bias,  that  is,  with  the  center  of  Impact  of  the  group  of  first 
rounds  superimposed  on  the  target  center.  These  data  represent  esti¬ 
mates  of  the  Mt  probabilities  which  would  be  obtained  if  all  horizontal 
and  vertical  bias  were  eliminated.  (See  Appendix  B  for  first-round  cen 
ter  of  impact  and  dispersion  values.) 

TtM,  i  (Cl 


CQNSTRI’CTIVK  URST-ROUND  HIT  PRODADH.mK 
ADJUSTED  TO  EXCLUDE  BIAS 


al  FKat 

Kava^a 

Tupt  An* 

|pwl  a  1  'J 

Caalta  Taat 

Hit  PtaA. 

5S. 

HH  PiaX, 

sr. 

MU  hal. 

SC 

At  800 

la  H«a«i  C<Bltr 

8 

21 

.17 

.97 

.07 

.53 

.20 

0«i  of  H<mi 

8 

.52 

.20 

1.00 

.00 

.60 

20 

M««a  Hit 

ProU^tlUr 

,31 

98 

.56 

At  I.SOO  Yania 

la  IkaM  Ctaltr 

16 

.03 

.0$ 

.37 

.13 

.37 

.13 

Oat  el  Haaia 

16 

.03 

.05 

.39 

.13 

.39 

.13 

M«<ia  lilt 

ProkaliilUy 

.03 

.38 

.38 

Total  Kiral  Roaa^ 

48 

0*«i-AII  M«aa 

PralMiUlilr 

.20 

.68 

.47 

(C)  Time  Required  to  Obtain  a  Hit 

Because  the  tank  commanders  did  not  range  for  the  second  half  of 
the  shot  groups  fired  from  1,500  yards,  their  time  scores  for  these  shot 
groups  were  adjusted  as  follows,  to  include  ranging  time:  For  the  first 
half  of  the  shot  groups  fired  from  800  yards,  the  median  first-round  time 
was  SO  seconds;  for  the  first  half  of  those  fired  from  1,500  yards  it  was 
•13  seconds.  The  difference,  13  seconds,  was  attributed  to  ranging,  and 
was  therefore  added  to  the  time  scores  of  those  shot  groups  fired  from 
1,500  yards  which  did  not  include  ranging.  Ovtr-all  median  times  to 
fire  the  first  round  were  25  seconds  at  800  yards,  and  39  seconds 
(including  ranging  time)  at  1,500  yards. 

Table  6  shows  the  median  times  (in  secoi:ds)and  the  median  numbers 
of  rounds  required  to  obtain  a  hit.  No  data  are  given  for  the  mirror 
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target,  sirce  more  than  half  the  ahoi  groups  tihtauito  i  t' 
mirror.  Table  7  glvea  a  more  detailed  inbulaiion  »«f  ih*  ■  •' 

T«kif  i  tr  I 


MKDIAS  TWK  AND  MKOIAN  M’MIIKR  W  RfflMK 
RF,0«lRKD  TO  OllTAlN  A  HfT* 


r*Mi  7  17  r*tt 

C*n>»«  T*»l 

rhi»i  r««iiiM 

Tu. 

0*<**rA«) 

- 1 

R*M4t  1 

T»»* 

{S*ir**4*)  1 

R**»4- 

Ataoo  Y*r4t 

U  B<*ai  C«*t(r 

22 

1 

23 

1 

0*i  of  ll<*M 

2R 

1 

1 

M*** 

2S 

1 

a& 

1 

At  l.SOO  Y**J* 

I*  B****  C«*i*f 

S? 

2 

66 

2.5 

0«l  el  B*«m 

42 

2 

72 

3.S 

H4*> 

SO 

2 

69 

3 

*f<*  M«  (U««  Cm  Mlnw  Ut|tt,  ••  nom  iW  i*tt  ikt  »Wt  • 
ea«Uit*4  ••  III  M  k. 
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EMPIRICAI  HIT  PROBABlIJTlfS  AGAKST  THR  CARRIFJI  TASK, 
flTlILS  VARIOUS  INTERVAI.S  AFTER  TWK  SKARCHI.ICIIT  IS  Tl'RNKD  OS* 

fhnttitit  •/  OImuU|  m  Ittit  (h*  HU  tlikU  lA*  Tl*#  ftiUJl 


rifi*<  Pmiii** 

- 

H— 4w  *1  S«c»»4«  Ahtr  LItki  I*  T*i*4  m 

IS 

1j?J 

1  25  1 

1  ^  1 

« 

1  ^  1 

SO 

1  ^  1 

At  800  Y«(j* 

U  0«*M  C«*i«r 

HU  ProbeUHir 

.12 

.38 

.62 

.75 

.88 

.86 

.88 

.88 

.88 

.88 

St«ei!..r<i  Error 

.12 

.18 

.18 

.16 

.12 

.12 

.12 

.12 

.12 

.12 

0«t  ol  B<eM 

HU  ProUkilUr 

0 

.25 

.38 

.75 

.75 

.75 

.75 

.75 

.75 

.75 

S(«i4erl  Error 

0 

.16 

.18 

.16 

.16 

.16 

.16 

.16 

.16 

.16 

M«m  HU  ProUbHUr 

.06 

.32 

.50 

.75 

.82 

.82 

.82 

.82 

.82 

.82 

At  I.SOO  Yer^e 

li  B«mi  C«itir 

HU  Prob*bllUr 

0 

.06 

.19 

.19 

.31 

.38 

.44 

SteadarJ  Error 

0 

.06 

.10 

.10 

.12 

.12 

.13 

0<t  of  Bee*i 

Hil  ProlMbllit)’ 

0 

.06 

.25 

.38 

.38 

.44 

.50 

SuidarJ  Error 

0 

.06 

.11 

.12 

.12 

.13 

.13 

M«*a  HU  ProbebilUr 

.06 

.22 

.28 

.34 

.41 

.47 

Ovtr'AH  M«*a  Probeklllijr 

.03 

.16 

.25 

.38 

.44 

.52 

.55 

.58 

.61 

.64 

*l>cl»4*4  tr«  l<«<i«  kill  o«  iW  larg*!  ■krof  •««  wlflMlb  ■cottd  t*  kit*  M  c*nl*t  1**1  l*f|*U 
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between  time  and  hit  probabilityi  with  the  tarriei  ^luk  •*»> 

The  data  in  thle  table  represent  the  pertcntnf{e«  id  tank**  wf*  •  »* 
obtained  at  least  one  hit  within  the  respective  tituc  i*en>'*m  ft'  '<  ^ 

moment  the  searchlight  was  turned  un. 

Performance  as  a  Function  of  Practice 

The  study  was  not  designed  to  measure  the  effects  of  practice,  but 
son.'ie  aspects  of  the  data  maybe  examined  for  indications  of  such  effects. 
As  previously  stated,  each  tank  commander  fired  six  shot  groups  (four 
from  I, COO  yards,  and  two  from  800  yards).  These  were  so  distributed 
that,  during  each  half  of  the  test,  each  fired  two  shot  groups  from  1,500 
yards  and  one  from  800  yards.  Performance  during  each  half  may  there¬ 
fore  be  taken  as  a  unit  of  practice. 

The  empirical  total-round  hit  probabilities  for  each  half  of  the  test 
are  shown  in  Table  8.  There  is  a  strong  suggestion  that  performance 
for  shot  groups  fired  from  1,500  yards  improved  during  the  course  of 
the  test.*  Also,  the  median  time  for  first-round  hits  for  the  second  half 
of  the  test  was  28  per  cent  less  for  shot  groups  fired  from  800  yards, 
and  20  per  cent  less  for  those  fired  from  1>$00  yards.  These  apparent 
practice  effects  are  noteworthy  because  the  amount  of  practice  was 
rather  limited,  and  because  moat  of  the  tank  commanders  had  had  con¬ 
siderable  experience  as  gunners. 


T.kl*  I  (Cl 

WF  dICAl.  TOTAI..ROUND  HIT  PROBMIILITIK  mR 
THK  TAHCCT  7  I  2  FKCT  SQUARE  AS  A  H'NCTIOS  OF  PRACTICE 
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Oat  of  Beaai 

57 

26 

.46 
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Total 
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Meaa  Hit  Probability 
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76 

Total  for  all  Firla|| 

137 

76 

131 

103 

Over'AII  Meaa  Probability 

.68 

.83 

'A  limlltr  ■mlyiii  (or  other  oiperla  of  ihr  prnbabilitv  (lit*  not  proclicabir  brrauir  •>( 
limited  •ample  lixe. 
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Senglng  Performance 

(U)  Since  there  is  no  eUndsrd  system  for  «i  \  ng  HcnBing  pcrfxnunii'  • , 
the  foUovirlnK  system  wss  devUed:. 


Location  of  Round  on  Tsrget  Panel  Sensing  Scurc 

Within  2S  1/2  degrees  from  the  sensl:  2 

Between  22  1/2  and  45  degrees  from  ,  sensing  1 
Between  45  and  trO  degrees  from  the  l  t.g  0 

Over  90  degrees  from  the  sensing  ^  -I 

•Degrecn"  refers  to  circular  degrees  in  the  plat  -  the  target  panel. 
Sensings  of  “lost'  were  given  a  score  of  0,  Flgu  4  illustrates  this 
scoring  system;  the  four  diagrams  show  how  a  set  ng  of  “short  right' 
was  scored. 

(U)  Table  9  shows  the  distribution  of  scores  for  senu  \  made  from  the 
tank  and  from  the  two  observer  positions.  The  data  fi .  ilie  iwo  ranges 


rao<[DUi[  usiD  roi  scoiiik  SEtsmes 


\ 

\ 


\ 


t<MI.  >1 


.tlMd  CMIM 
I  -KtMl  *MI  W  Will 


rifsr*  4  (M) 
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were  cnmblncd,  since  analyais  uhowed  no  signiftt  anl  vanai»>.n  i  *«  »«« 
differences  In  range.  At  each  of  the  three  (KiHitions,  sensing  j.er.  rn  jia  e 
was  considerably  better  tiian  would  be  expected  on  the  basis  >4  '  luu*  • 
alone;  all  differences  were  algnifieant  well  beyond  the  .0001  leva  it 
confidence.  More  than  half  the  sensings  had  a  score  of  »1  or  *2.  H  nee 
all  rounds  had  to  be  sensed  with  respect  to  an  l8-inch  square,  and  inee 
about  9  per  cent  of  the  rounds  had  tracer  failures,  these  results  indicate 
a  considerable  degree  of  accuracy  in  sensing  performance.  For  rtunds 
whichmlssed  the  7  1/2  foolaquare  target  area,  two-thirds  of  the  serstngs 
had  a  score  of  fl  or  f2. 


T»tl*  9  (C) 


SltStnilR  OF  SF^SSNCS  IHICII  RECFJVKD  VLKCM  SCORE. 
TOR  EACH  SLSSINC  POSmO.N 
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I.VXl-yatd  (Iflat,  SO  yar4a  to  iVa  Ufi. 

800')rar4  lulan.  tV«  tar  latrial  aaaala^  poalllea  «aa  SO  yatiiB  In  Ik*  il|ikl  at  Ik*  liiia  laak,  lo* 
l,M)0-)f*r4  100  yaf  ja  lo  tk*  Ull. 

^Iaclii4*4  la  Ik*  ataalim*  (Wan  a  arc**  al  l*ro  a**  ikaa*  lot  roaa4*  araard  aa  *lo*l*,  IS  M  laaada 
did  Ml  *ka«.  a  liar**. 


During  tht  course  of  '.tie  s'udy  the  eight  observers  made  .wlce  as 
I  .any  sensings  ..s  the  e-ght  tarlc  commanders,  A  compariso.i  of  the 
'cnslngs  made  b'  the  observer  i  during  the  first  24  shot  grr ups  with 
tiose  made  during  the  second  2t  shot  groups  shows  that  the  idditional 
I  ractice  by  the  observers  did  ni.t  result  in  improved  sensiii^s.  This 
dck  of  improvement  was  to  be  expected  because  the  observers  had  no 
cnowledge  of  the  accuracy  of  their  ;  erformance. 

According  to  the  sensing  data,  for  rounds  fired  from  positions  in  the 
searchlight  beam,  sensings  made  from  the  nearer  of  the  two  observer 
positions  were  most  accurate.  For  ro.  nds  fired  from  positions  out  of 
(he  beam,  sensings  made  from  the  ta  k  sere  most  accurate.  A  Chi 
square  test  showed  these  differences  to  .,c  significant  at  the  .)01  level 
of  confidence. 
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DISCUSSION 

B*’(orc  the  result*  of  the  study  can  he  accepted  as  4*t»swtr  i  g 
problem  of  estimatltig  the  effectiveness  of  main  icon  fire  fr»tni  encn 
tanka  against  tanks  employing  the  18>inch  tank-mounted  score hltghi, ’w. 
important  factors  must  be  eonstdered.  First  it  must  be  assumed 
the  effectiveness  of  enemy  medium  gun  tanks  is  equivalent  to  that  of  •*  e 
M48A2  tank.  Second^  it  must  be  assumed  that  a  firing  test  earned  out 
under  User  Service  Test  conditions  is  appropriate  for  estitnaiing  enemy 
capabilities  under  combat  conditions. 

Hit  probabilitini  noted  herein  are  probably  somewhat  higher  and 
firing  times  somewhat  lower  than  would  be  expected  under  many,  though 
not  necessarily  all,  combat  conditions.  Also,  it  should  be  noted  that  hit 
probabilities  against  the  carrier  tank  which  have  been  obtained  in  this 
study  refer  to  a  stationary  and  fully  exposed  tank;  against  a  moving  tank 
or  against  a  tank  positioned  in  defilade,  hit  probabilities  would  naturally 
be  smaller.* 

The  most  relevant  aspects  of  the  results  are  shown  in  Table  7.  At 
a  range  of  800  yards,  hit  probability  against  the  carrier  tank  rapidly 
approaches  1.0.  It  la  likely  that  ai3  soon  as  its  searchlight  is  turned  on, 
a  carrier  tank  would  become  a  target  for  mure  than  one  enemy  tank. 
With  two  enemy  tanks  firing  against  it,  hit  probability  approaches  1.0 
within  25  seconds,  that  is,  within  the  average  time  it  takes  to  fire  the 
first  round.  It  may  be  concluded,  then,  that  at  ranges  of  about  600  yards, 
the  risk  of  destruction  of  the  carrier  tank  becomes  too  great  if  the 
searchlight  is  on  long  enough  to  enable  two  enemy  tanks  to  fire  one 
round  each. 

A  similar  analysis  shows  that  at  1,500  yards  the  number  of  enemy 
tanks  firing  increases  in  importance  as  a  factor  in  hit  probability.  With 
a  single  enemy  tank  firing,  hit  probability  is  .22  in  40  seconds  after  the 
searchlight  is  turned  on,  that  is,  within  the  average  time  it  takes  to  I're 
the  first  round  at  that  range.  With  two  enemy  tanks  firing,  probability 
is  .39;  and  with  three  tanks,  .63.  Table  10  shows  how  various  hit  prob¬ 
abilities  increase  as  a  function  of  the  number  of  tanks  firing.  This  anal¬ 
ysis  indicates  that  even  at  ranges  of  about  1,500  yards  the  risk  of 
destruction  of  the  carrier  tank  becomes  relatively  high  if  each  of  several 
enemy  tanks  is  able  to  fire  one  round. 

If  the  foregoing  analyses  were  made  with  respect  to  a  daytime 
engagement,  the  conclusions  would  be  regarded  as  self-evident,  and 
the  results  reported  here  would  be  regarded  es  proving  only  the  obvi¬ 
ous.  However,  the  results  of  small-arms  firing  tests  against  the  tank- 
mounted  searchlight*  seem  to  have  been  overgeneralixed,  and  have 
created  considerable  doubt  about  the  effectiveness  of  any  fire  against 
the  light  and  the  carrier  tank.  The  .'esulta  of  this  atu3y~should  serve 
to  dispel  such  doubts. 


Ml  tlioild  b«  Rot«d  lliat  oal)  Itvtl  Urrala  woald  ptmil  ilUmbatioa  b>  a  niovioK 

ranier  taak. 

'Rf  fereacea  S,  6.  aad  R. 
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l•t«rll  llir*f>  ll|f»>rlii,l  I 

Kil  |<i<l>4l>llltir*  I' 

3  ••tit* 

1 

1 

•iill  llii>  kil  1”* 

y  ’ 

OH 

.10 

It 

IH 

.’1 

in 

19 

•  « 

11 

tl 

15 

19 

lA 

V. 

A) 

V. 

19 

.59 

67 

•r. 

.50 

.6H 

76 

TO 

.51 

.66 

.76 

M 

V. 

.72 

.B2 

v\ 

.64 

,7H 

37 

.92 

15 

.70 

.91 

.95 

50 

,7a 

.HA 

.94 

.97 

Vi 

AO 

.91 

.96 

.90 

.R4 

.94 

.97 

.99 

,65 

M 

.96 

.9« 

1.00 

:o 

.91 

.97 

.99 

1.00 

.94 

.9« 

1.00 

l.OO 

AO 

.96 

.99 

1.00 

1.00 

H5 

.90 

1.00 

1.00 

1.00 

90 

.99 

1.00 

1.00 

1.00 

95 

1,00 

1.00 

1.00 

1.00 

The  Implicaliona  of  the  findings  with  ren~  ui  to  the  employment  of 
the  tank>mounted  searchlight  may  be  stated  as  follows:  In  situations  in 
which  the  searchlight  is  to  provide  Illumination  for  delivering  aimed  fire 
from  the  main  gun  against  enemy  crmor^  the  light  should  not  be  turned 
on  for  as  long  a  period  as  it  takes  enemy  tanks  to  open  fire.  Each  of  our 
tank  platoons  is  authorized  two  searchlights;  hence,  the  lights  should  be 
turned  on  In  succession  to  Illuminate  the  same  target  area,  leaving  each 
light  on  for  a  period  slightly  shorter  than  that  required  by  enemy  tanks 
to  open  fire.  Each  carrier  tank  should  be  moved  Immediately  after  turn¬ 
ing  off  Its  light.  This  procedure  will  provide  illumination  of  the  target 
area  for  a  period  twice  as  long  as  that  during  which  each  carrier  tank  is 
a  target  for  enemy  fire.  This  period  is  probably  long  enough  to  enable 
each  non-carrier  tank  to  fire  at  least  one  round  at  the  enemy. 

If  a  period  of  25  seconds  is  accepted  as  being  Just  short  of  that 
required  for  the  enemy  to  get  the  first  round  off,  then  the  suggested 
searchlight  procedure  would  result  In  target  illumination  for  about 
50  seconds.  This  is  still  a  relatively  short  time  for  finding  and  engaging 
an  enemy  target.  Coordinated  action  between  the  carrier  tanks  and  the 
firing  tanks  therefore  becomes  all-important.  Platoon  training  for  night 
combat  should  emphasize  this  kind  of  coordination. 

The  finding  that  even  experienced  tank  commanders  improved  their 
performance  suggests  that  firing  against  pearchllghts  is  a  unique  gurmcry 
task  which  requires  practice  In  addition  to  that  afforded  by  conventional 
gunnery  exercises. 
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Appendix  A  (U) 

RANGES  SET  OR  INDEXED  DURING  THE  l.SOO-YARD  FIR.Nl^ 


r 


TaVlf  A*1 

RANCK  StrmNnS  MAOK  DUHINC  first  HAI.K  OK 
SHOT  GROUPS  FIRF.D  AT  1,500  YARDS 


Saabar  ol  Sbei  Creap* 

(Tarda) 

U  ,  ,  ti.  .  r  .***llt*« 

of  SsOl  Cfosp 

3 

1.540 

13 

1.540 

4 

1  700 

14 

1,590 

7 

l.vM 

15 

1,495 

8 

1,100 

16 

1,850 

9 

1,480 

17 

1,550 

10 

1,500 

18 

1,500 

11 

1,550 

21 

1,480 

12 

1,150 

22 

1,570 

^hol  C(o«p«  I,  },  S,  6,  19,  20,  23.  *•<!  24  lltcil  ■!  BOO  jrixl*. 

Thu  dUtfiWile*  el  teagr  ertlien*  ha«  •  atta  el  ),S05  aad  a  alaadard  ilcvUlloa  ol  ITI. 


Tabir  A-2 

RANCF.S  INDEXED  TOR  SECOND  HAl.i  OK 
SHOT  CROUPS  FIRED  AT  1,500  YARDS 


Naabrr  of  5bal  Croap* 

Raa(c  ladeied^ 
(Tarda) 

Nanbar  ol  Sboi  Cr^i‘;> 

Raapr  ladatrd 
(Tarda) 

27 

1,530 

37 

1,820 

28 

1,530 

38 

1,820 

31 

1,400 

39 

1,470 

32 

1,470 

40 

1,400 

33 

1.680 

41 

1,600 

34 

1,680 

42 

1,600 

35 

1,180 

45 

1,320 

36 

1,180 

46 

1,320 

^bol  Croupe  25,  26,  29,  30,  43.  44.  47.  aid  48  were  llred  al  800  yarda. 

Thia  diatrlballea  of  raagea  ladetrd  baa  a  aeaa  ol  1,500  aad  a  alaadaid  drvlalioa  ol  191. 
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1.  On  pa^a  ill.  Suanary  ajxl  Reoonaandatlonai  under  the  heading 
"Hasaarch  Kathod"  (U),  In  llna  I4  of  tba  paragraph  titled  "Subjaota”,  the 
word  "Infantry"  ahould  read  "Individual," 

2.  Wa  would  appreciate  your  uking  this  correction  in  your  copy  of 
the  sxibjact  rapoH. 
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